Introduction 1
The research of protein-protein interactions represents an essential tool for drug discovery 2 since the interacting proteins significantly share the functions. A better understanding of the 3 complex interaction networks can be achieved from available functional data of well-4 characterized protein nodes since the missing functional data of the targeted protein nodes can 5 be extrapolated.
6
The idea to study the interaction networks is supported by a hypothesis, that the proteins inhibition of the single node (2), which is pharmaceutically very challenging.
16
The protein-protein interaction analysis benefits from the integration with the genomic and 17 proteomic data and with the information about the pharmacological targeting. It provides the 18 information about the protein function prediction and the pathway enrichment data; it ranks 19 the protein nodes of the biological networks based on their priority, which suggests the critical 20 hub proteins regulating the key molecular mechanisms.
21
Sirtuins are belonging to the class III of the histone deacetylases, enzymes defined by the 22 ability to remove acetyl groups from ε-N-acetyl-lysine of the histone and other non-histone 23 substrates and requiring NAD+ for their enzymatic activity. Their activity is an essential part 24 of cellular metabolism, chromatin modification, and aging (3). Although they were defined as 25 a protein deacetylases, their desuccinylase, demalonylase (4, 5) or lipoamidase (6) activities 26 are usually higher. The significant functions of the sirtuins in the mechanisms of aging and 27 longevity attract many scientists (7), despite there were also raised doubts about their leading Brain-specific SIRT1 overexpressing mice exhibits not only significantly extended lifespan 3 but also increased neuronal activity, which is another encouraging result for the research of 4 the anti-aging effects of the sirtuins (9). Interestingly, SIRT3 also participates in the 5 mechanisms of several diseases of aging such as cancer, cardiovascular disease, metabolic 6 syndrome or neurodegenerative diseases. SIRT3 knockout in the mice causes either the 7 spontaneous occurrence of these diseases or when they are crossed with the disease model 8 (10). Furthermore, the SIRT6 deficient mice also exhibit the age-related degenerative changes, 9 genomic instability, and a very short lifespan (11) . The knockdown of SIRT6 using shRNA in 10 human fibroblasts shows extremely short replicative lifespan, increased senescence, and the 11 telomere dysfunction, which results in the premature senescence of SIRT6 deficient cells (12).
12
Interestingly, SIRT6 overexpression causes male gender-specific life extension in the 13 transgenic mice (13). Aging-related functions were also confirmed in SIRT7 knockout mice, 
16
The analysis using Cytoscape (3.7.0) and its applications GeneMania (3.4.1) and 17 Cytohubba (0.1): GeneMania (3.4.1) (17) analysis was performed using SPIL as a query pathway networks were merged using the in-built Cytoscape tool as specified in the text. 2). The further discussion provides explanations of the functional relationships between the 7 identified signaling pathways and the molecular mechanisms of longevity, aging, and age-8 related diseases. Finally, the presented analysis raises several questions for the future 9 directions of the research of healthy aging and age-related diseases. Cytohubba analysis drive the functions of the whole extended SPIN ( Fig. 2; Fig. 3 ; Tab. 2).
18
The subsequent scientific literature mining showed the regulatory roles of SIRT1, SIRT3,
19
SIRT6, and SIRT7 on TGF-β/SMAD signaling occurring in cancer and other diseases.
20
However, it appears that the detail investigations of the functional relationships between the 21 sirtuins, SMAD2 and TGF-β receptor complex networks were not clarified yet.
22
Interestingly, the altering of SIRT1 expression or the enzymatic activity is pharmacologically suggests the efficient regulatory mechanism in several ways in fibrotic kidney diseases (33).
27
However, the regulatory role of based on the SPIL analysis on HDAC2 has been observed in The literature mining proved the regulatory effect of SIRT1 and SIRT3 on PTK2 gene 10 expression, despite, the detail mechanisms of the mutual functionality are just anticipating the 11 discovery. PTK2 is a substrate of SIRT1, which was observed using myeloid-specific SIRT1 12 knockout mice. The animals have specifically upregulated PTK2 both at mRNA and protein The present analysis suggests that PTK2 signaling contains direct protein-protein interactions 24 of all sirtuins and HDAC1-HDAC11. However, more detail regulatory mechanisms were 25 elucidated only for SIRT1 and SIRT3, which creates additional space for the discoveries how 26 to control the PTK2 signaling. (Fig. 6) . The idea that TGF-β/SMAD signaling is the central mechanism driving the sirtuin interaction One of the candidates for the development of the anti-aging therapies is SIRT6, which 8 stabilizes telomere heterochromatin and prevents replicative senescence (63). Due to the 9 essential roles of SIRT6 in the heterochromatin silencing, its decreased activity can 10 significantly contribute to the deterioration of the organism during the aging and age-related (Fig. 7) , which suggests close 3 regulation of the metabolism of lipids and protein turnover. 
Conclusions

26
The sirtuins continue to be promising targets for the anti-aging therapies and the attractive 27 subject for further scientific studies on the field of aging and longevity. They effectively 28 prevent premature cellular senescence and aging (72), which is a worthy subject of geriatrics. 
Conflicts of interest
14
There is no conflict to declare 
